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∑’ËμË”ª√–¡“≥ 27 ‡ø¡‚μ‚ÕÀå¡μàÕμ“√“ß‡´πμ‘‡¡μ√ ´÷Ëß¡’§à“πâÕ¬°«à“‚§√ß √â“ß·¡à‡À≈Á°‚§∫Õ≈μå π‘°‡°‘≈
‰Õ√Õπ ·≈–‚§∫Õ≈μå‰Õ√Õπª√–¡“≥ 15 ·≈– 16 ‡∑à“ μ“¡≈”¥—∫ πÕ°®“°π’È¬—ßæ∫«à“¡’§à“ GMR ∑’Ë Ÿß∂÷ß
154% º≈°“√§”π«≥™’È„Àâ‡ÀÁπ«à“‚§√ß √â“ß«— ¥ÿ·¡à‡À≈Á°ŒÕ¬‡≈Õ√åÕ—≈≈Õ¬‚§∫Õ≈μå‰Õ√ÕπÕ–≈Ÿ¡‘‡π’¬¡
´‘≈‘°Õπ¡’§«“¡‡À¡“– ”À√—∫°“√ª√–¬ÿ°μå„™â„π‚§√ß √â“ß ªîπ«“≈å«¢ÕßÀ—«Õà“π¢âÕ¡Ÿ≈
§” ”§—≠: °“√ – ¡ ªîπ §à“§«“¡μâ“π∑“π∑“ß·¡à‡À≈Á° Õ—μ√“ à«π§à“μâ“π∑“π∑“ß·¡à‡À≈Á°¢π“¥„À≠à
Àπà«¬«‘®—¬°“√§”π«≥·≈–°“√∑¥≈Õß¥â“π·¡à‡À≈Á° ¿“§«‘™“øî ‘° å  §≥–«‘∑¬“»“ μ√å ¡À“«‘∑¬“≈—¬¡À“ “√§“¡
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ABSTRACT
The magnetoresistance (MR) and giant magnetoresistance (GMR) ratio in spin-valve
geometry can be considered from the spin transport behaviour which depends on the gradient of
spin accumulation and spin current. The aim of this work is to investigate and compare the spin
transport behaviour in spin valve structure with different materials; Co, NiFe, CoFe, and CoFeAlSi
by using the generalised spin accumulation model in order to find the appropriate material for
real devices. We found that the spin transport parameters of material are the main factors that
affect the MR and GMR ratio. The result indicates that the CoFeAlSi heusler alloy structure
gives the lowest resistance-area product (RA) of 27 f.Ohms/cm2 whereas the RA of Co, NiFe,
and CoFe are 1, 5, and 16 times bigger, respectively. Furthermore, the GMR ratio of CoFeAlSi
heusler alloy structure is found at 154%. Therefore, we suggest that the spin-valve structure
based CoFeAlSi heusler alloy is the promising material for reading sensor.
Keywords: spin accumulation, magnetoresistance, GMR ratio
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∫∑π”
ªí®®ÿ∫—π°≈‰°°“√‡°‘¥ª√“°Ø°“√≥å§à“§«“¡μâ“π∑“π∑“ß·¡à‡À≈Á°‰¥â√—∫°“√»÷°…“Õ¬à“ß°«â“ß¢«“ß
∑—Èß‡™‘ß∑ƒ…Æ’ [1-4] ·≈–°“√∑¥≈Õß [5-7] ‡π◊ËÕß®“°§«“¡‡¢â“„®æ◊Èπ∞“π∑“ßøî ‘° å¢Õßª√“°Ø°“√≥å¥—ß°≈à“«
π”‰ª Ÿà°“√æ—≤π“‡∑§‚π‚≈¬’°“√∫—π∑÷°¢âÕ¡Ÿ≈„Àâ¡’ª√– ‘∑∏‘¿“æ∑’Ë¥’¢÷Èπ ª√“°Ø°“√≥å§à“§«“¡μâ“π∑“π∑“ß·¡à
‡À≈Á°∂Ÿ°ª√–¬ÿ°μå„™â„π°√–∫«π°“√∫—π∑÷°·≈–Õà“π¢âÕ¡Ÿ≈¢ÕßÕÿª°√≥å ªîπ∑√Õπ‘° å‡™àπ Œ“√å¥¥‘ °å‰¥√åø (hard
disk drive) Àπà«¬§«“¡®”‡¢â“∂÷ß·∫∫ ÿà¡‡™‘ß·¡à‡À≈Á° (magnetoresistive random access memory, MRAM)
·≈–Àπà«¬§«“¡®”‡¢â“∂÷ß·∫∫ ÿà¡‡™‘ß·¡à‡À≈Á°∑’Ë „™âª√“°Ø°“√≥å ªîπ∑Õ√å° (spin-transfer-torque
magnetoresistive random access memory, STT-MRAM) [8-11] Õÿª°√≥å°“√∫—π∑÷°¢âÕ¡Ÿ≈·∫∫Œ“√å¥
¥‘ °å‰¥√åø∂Ÿ°æ—≤π“Õ¬à“ß√«¥‡√Á«À≈—ß®“°°“√§âπæ∫ª√“°Ø°“√≥å§à“§«“¡μâ“π∑“π∑“ß·¡à‡À≈Á°¢π“¥„À≠à (giant
magnetoresistance, GMR) [12-13] ´÷Ëß°√–∫«π°“√∑”ß“π¢ÕßÀ—«Õà“π¢âÕ¡Ÿ≈¿“¬„πŒ“√å¥¥‘ °å‰¥√åøÕ“»—¬
°“√‡°‘¥ª√“°Ø°“√≥å GMR ‡æ◊ËÕ· ¥ß§à“ —≠≠“≥∑“ß‰øøÑ“®“°‡´π‡´Õ√å«—¥ —≠≠“≥¢ÕßÀ—«Õà“π¢âÕ¡Ÿ≈À√◊Õ
‚§√ß √â“ß ªîπ«“≈å« ª√“°Ø°“√≥å GMR §◊Õ°“√‡ª≈’Ë¬π·ª≈ß§à“§«“¡μâ“π∑“π‰øøÑ“®“°°“√ªÑÕπ°√–· 
‰øøÑ“ºà“π‚§√ß √â“ß ªîπ«“≈å«‚¥¬¡’§à“¢÷ÈπÕ¬Ÿà°—∫°“√°√–‡®‘ß¢Õß ªîπ (spin-dependence scattering) [14-15]
‚§√ß √â“ß ªîπ«“≈å«ª√–°Õ∫¥â«¬™—Èπ«— ¥ÿ·¡à‡À≈Á°‡øÕ√å‚√ (ferromagnetic, FM)  Õß™—Èπ∑’Ë∂Ÿ°§—Ëπ°≈“ß¥â«¬
«— ¥ÿμ—«π”∑’Ë‰¡à¡’§«“¡‡ªìπ·¡à‡À≈Á° (nonmagnetic, NM) [16] ‚¥¬∑‘»∑“ß¢Õß·¡°π’‰∑‡´™—π¿“¬„π«— ¥ÿ
·¡à‡À≈Á°‡øÕ√å‚√™—Èπ∑’ËÀπ÷ËßÀ√◊Õ™—Èπæ‘π (pinned layer) ∂Ÿ°°”Àπ¥„Àâ¡’∑‘»∑“ß∑’Ë·πàπÕπ‡π◊ËÕß®“°ª√“°Ø°“√≥å
‰∫Õ— ·≈°‡ª≈’Ë¬π (exchange bias) [17] „π¢≥–∑’Ë∑‘»∑“ß¢Õß·¡°π’‰∑‡´™—π¿“¬„π«— ¥ÿ·¡à‡À≈Á°‡øÕ√å‚√






Õ“»—¬°“√‡ª≈’Ë¬π·ª≈ß§à“§«“¡μâ“π∑“π∑“ß·¡à‡À≈Á°‡æ◊ËÕ· ¥ß§à“‰∫π“√’∫‘μ (binary bit) ‚¥¬®–· ¥ß§à“∫‘μ
0 „π°√≥’∑’Ë§à“§«“¡μâ“π∑“π∑“ß·¡à‡À≈Á°¡’§à“μË”À√◊Õ·¡°π’‰∑‡´™—π¿“¬„π™—Èπæ‘π·≈–·ºàπ∫—π∑÷°¢âÕ¡Ÿ≈
®—¥‡√’¬ßμ—«‰ª„π∑‘»∑“ß‡¥’¬«°—π ·≈–· ¥ß§à“∫‘μ 1 „π°√≥’∑’Ë§à“§«“¡μâ“π∑“π∑“ß·¡à‡À≈Á°¡’§à“ ŸßÀ√◊Õ
·¡°π’‰∑‡´™—π¿“¬„π™—Èπæ‘π·≈–·ºàπ∫—π∑÷°¢âÕ¡Ÿ≈®—¥‡√’¬ßμ—«„π∑‘»∑“ßμ√ß°—π¢â“¡
§«“¡μâ“π∑“π∑“ß·¡à‡À≈Á°∑’Ë‡°‘¥®“°°“√ªÑÕπ°√–· ‰øøÑ“·∫∫μ—Èß©“° (current perpendicular
plane giant-magnetoresistance, CPP-GMR) · ¥ß§à“ GMR ∑’Ë Ÿß ‚¥¬¡’§à“¢÷ÈπÕ¬Ÿà°—∫°“√°√–‡®‘ß¢Õß ªîπ
∫√‘‡«≥√Õ¬μàÕ√–À«à“ß™—Èπ«— ¥ÿ·¡à‡À≈Á°‡øÕ√å‚√·≈–πÕπ·¡°‡πμ‘° (interfacial scattering) ·≈–¿“¬„π
™—Èπ«— ¥ÿ·¡à‡À≈Á°‡øÕ√å‚√ (bulk scattering) °“√»÷°…“‡™‘ß°“√∑ƒ…Æ’ [18-19] ·≈–°“√∑¥≈Õß [14] · ¥ß„Àâ
‡ÀÁπ«à“°“√‡æ‘Ë¡§à“ CPP-GMR  “¡“√∂∑”‰¥â®“°°“√‡æ‘Ë¡°“√°√–‡®‘ß¢Õß ªîπ∑’Ë‡§≈◊ËÕπ∑’Ëºà“π‚§√ß √â“ß ªîπ«“≈å«
°“√°√–‡®‘ß¢Õß ªîπ∫√‘‡«≥√Õ¬μàÕ√–À«à“ß™—Èπ«— ¥ÿ¡’§à“¢÷ÈπÕ¬Ÿà°—∫°“√®—¥‡√’¬ß‚§√ß √â“ß¢ÕßÕ‘‡≈Á°μ√Õπ
∑’Ë√–¥—∫æ≈—ßß“π‡øÕ√å¡’ (Fermi level) „π¢≥–∑’Ë°“√°√–‡®‘ß¢Õß ªîπ¿“¬„π™—Èπ«— ¥ÿ·¡à‡À≈Á°‡øÕ√å‚√¡’§à“¢÷Èπ
Õ¬Ÿà°—∫§à“ ªîπ‚æ≈“‰√‡´™—π (spin polarisation) ¥—ßπ—Èπ°“√‡æ‘Ë¡§à“°“√°√–‡®‘ß¢Õß ªîπ¿“¬„π«— ¥ÿ®÷ß‡ªìπ
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·π«∑“ß∑’Ëπ”‰ª Ÿà°“√‡æ‘Ë¡»—°¬¿“æ¢ÕßÀ—«Õà“π¢âÕ¡Ÿ≈
À—«Õà“π¢âÕ¡Ÿ≈∑’Ë¡’ª√– ‘∑∏‘¿“æ Ÿß§◊Õ “¡“√∂· ¥ß§à“§«“¡·μ°μà“ß√–À«à“ß —≠≠“≥∫‘μ 0 ·≈– 1
‰¥âÕ¬à“ß™—¥‡®π À√◊Õ¡’§à“Õ—μ√“ à«π§à“§«“¡μâ“π∑“π∑“ß·¡à‡À≈Á° (MR ratio) ∑’Ë Ÿß  “¡“√∂μ√«®«—¥ —≠≠“≥
‰¥âßà“¬·≈–¡’§à“§«“¡μâ“π∑“π‰øøÑ“‡™‘ßæ◊Èπ∑’Ë (resistance-area product, RA) ∑’ËμË” [20-21] ªí®®ÿ∫—π‚§√ß
 √â“ß ªîπ«“≈å«¢ÕßÀ—«Õà“π¢âÕ¡Ÿ≈„™â°“√‡ª≈’Ë¬π·ª≈ß§à“Õ—μ√“ à«π§à“§«“¡μâ“π∑“π∑“ß·¡à‡À≈Á°®“°°“√∑–≈ÿ
ºà“π¢Õß ªîπ (Tunneling magnetoresistance, TMR) ‚¥¬°“√„™â™—Èπ©π«π∫“ß‡ªìπ™—Èπ§—Ëπ°≈“ß√–À«à“ß™—Èπ
æ‘π·≈–™—ÈπÕ‘ √– ÷´Ëß‚§√ß √â“ß√Õ¬μàÕ·∫∫∑–≈ÿºà“π (Magnetic Tunneling Junction, MTJ) ®–„Àâ‡°‘¥
Õ—μ√“ à«π§à“§«“¡μâ“π∑“π∑“ß·¡à‡À≈Á°∑’Ë Ÿß°«à“‚§√ß √â“ß·∫∫ GMR [12] Õ¬à“ß‰√°Áμ“¡ §à“ RA ∑’Ë‡°‘¥¢÷Èπ
„π‚§√ß √â“ß·∫∫ MTJ ¡’§à“∑’Ë Ÿß°«à“‚§√ß √â“ß·∫∫ GMR ∑”„Àâ¬“°μàÕ°“√μ√«®®—∫ —≠≠“≥¢ÕßÀ—«Õà“π
‡π◊ËÕß®“°º≈¢Õß∫√‘‡«≥√Õ¬μàÕ√–À«à“ß™—Èπ·¡à‡À≈Á°‡øÕ√å‚√·≈–™—Èπ©π«π ®“°¢âÕ®”°—¥¥—ß°≈à“«∑”„Àâ„π
ªí®®ÿ∫—π¡’°“√»÷°…“ª√“°Ø°“√≥å GMR ∑’Ë∑”„Àâ‡°‘¥§à“Õ—μ√“ à«π§à“§«“¡μâ“π∑“π∑“ß·¡à‡À≈Á°∑’Ë Ÿß‡∑’¬∫
‡∑à“°—∫‚§√ß √â“ß MTJ ·≈–¡’§à“ RA ∑’ËμË” [21] ®“°‡Àμÿº≈¥—ß°≈à“«π”‰ª Ÿà°“√»÷°…“ª√“°Ø°“√≥å GMR
¢Õß«— ¥ÿ·¡à‡À≈Á°‡øÕ√å‚√À≈“°À≈“¬™π‘¥‡™àπ «— ¥ÿ·¡à‡À≈Á°‡øÕ√å‚√∫√‘ ÿ∑∏‘Ï [22] «— ¥ÿ·¡à‡À≈Á°‡øÕ√å‚√·∫∫
º ¡ (alloy) [23] ·≈–«— ¥ÿ·¡à‡À≈Á°‡øÕ√å‚√·∫∫ŒÕ¬‡≈Õ√åÕ—≈≈Õ¬¥å (Heusler alloy) [24-25] ‡æ◊ËÕÀ“
«— ¥ÿ·¡à‡À≈Á°‡øÕ√å‚√∑’Ë‡À¡“– ¡ ”À√—∫°“√ª√–¬ÿ°μå„™â„πÀ—«Õà“π¢âÕ¡Ÿ≈ „πªí®®ÿ∫—π°“√»÷°…“§à“ CPP-GMR
„π‚§√ß √â“ß«— ¥ÿ·¡à‡À≈Á°‡øÕ√å‚√™π‘¥μà“ß Ê ∂Ÿ°»÷°…“Õ¬à“ß°«â“ß¢«“ß„π‡™‘ß°“√∑¥≈Õß‡æ◊ËÕÀ“«— ¥ÿ∑’Ë∑”„Àâ‡°‘¥§à“
GMR ∑’Ë Ÿß·≈–¡’§à“ RA ∑’ËμË” Õ¬à“ß‰√°Áμ“¡ «‘∏’°“√»÷°…“„π‡™‘ß°“√∑¥≈Õß¡’§«“¡¬ÿàß¬“°·≈–§«“¡ —´∫´âÕπ
„π°“√ª≈Ÿ°º≈÷°·≈–°“√«‘‡§√“–Àå§ÿ≥ ¡∫—μ‘¢Õß«— ¥ÿ™π‘¥μà“ß Ê ®“°¢âÕ®”°—¥¥—ß°≈à“«π”‰ª Ÿà°“√æ‘®“√≥“§à“
§«“¡μâ“π∑“π∑“ß·¡à‡À≈Á°¢Õß«— ¥ÿ¥â«¬«‘∏’°“√§”π«≥‡™‘ßμ—«‡≈¢ (simulation method) ÷´Ëß “¡“√∂≈¥
√–¬–‡«≈“„π°“√§”π«≥·≈–¡’§«“¡ –¥«°μàÕ°“√æ‘®“√≥“§à“ GMR „π«— ¥ÿ™π‘¥μà“ß Ê ‰¥â‡ªìπÕ¬à“ß¥’
¥—ßπ—Èπß“π«‘®—¬π’È‰¥â∑”°“√»÷°…“§à“ RA ·≈–§à“ CPP-GMR „π‚§√ß √â“ß ªîπ«“≈å«∑’Ë∑”®“°
«— ¥ÿ™π‘¥μà“ß Ê ¥â«¬·∫∫®”≈Õß°“√ – ¡ ªîπ (generalised spin accumulation model) ‚§√ß √â“ß
 ªîπ«“≈å«ª√–°Õ∫¥â«¬«— ¥ÿ·¡à‡À≈Á°‡øÕ√å‚√ Õß™—Èπ∑’Ë∂Ÿ°§—Ëπ°≈“ß¥â«¬™—Èπ«— ¥ÿ∑Õß·¥ß (Copper, Cu) ß“π
«‘®—¬π’È®–∑”°“√‡ª√’¬∫‡∑’¬∫§à“ RA ·≈–§à“ GMR ®“°°“√æ‘®“√≥“æƒμ‘°√√¡°“√ àßºà“π ªîπ∑’Ë‡°‘¥¢÷Èπ¿“¬
„π‚§√ß √â“ß ªîπ«“≈å«‚¥¬™—Èπ«— ¥ÿ·¡à‡À≈Á°‡øÕ√å‚√„™â«— ¥ÿ∑’Ë·μ°μà“ß°—π ‰¥â·°à «— ¥ÿ·¡à‡À≈Á°‚§∫Õ≈μå (Cobalt,
Co) ÷´Ëß‡ªìπ«— ¥ÿ·¡à‡À≈Á°‡øÕ√å‚√∫√‘ ÿ∑∏‘Ï «— ¥ÿ·¡à‡À≈Á°π‘°‡°‘≈‰Õ√Õπ (Nickle-Iron, NiFe) ·≈–‚§∫Õ≈μå‰Õ√Õπ
(Cobalt-Iron, CoFe) ´÷Ëß‡ªìπ«— ¥ÿ·¡à‡À≈Á°‡øÕ√å‚√·∫∫º ¡·≈–«— ¥ÿ·¡à‡À≈Á°‚§∫Õ≈μå‰Õ√ÕπÕ–≈Ÿ¡‘‡π’¬¡
´‘≈‘°Õπ (Cobalt-Iron-Aluminium-Silicon, CoFeAlSi) ´ ÷Ëß‡ªìπ«— ¥ÿ·¡à‡À≈Á°‡øÕ√å‚√·∫∫ŒÕ¬‡≈Õ√åÕ—≈≈Õ¬¥å
°“√»÷°…“æƒμ‘°√√¡°“√ àßºà“π ªîπ¢Õß«— ¥ÿ·¡à‡À≈Á°‡øÕ√å‚√·μà≈–ª√–‡¿∑®–∑”„Àâ‡¢â“„®°√–∫«π°“√‡°‘¥
ª√“°Ø°“√≥å GMR ·≈–ªí®®—¬∑’Ë àßº≈μàÕ§à“ RA §«“¡‡¢â“„®°√–∫«π°“√‡°‘¥ª√“°Ø°“√≥å¥—ß°≈à“«®–∑”„Àâ
 “¡“√∂‡≈◊Õ°«— ¥ÿ∑’Ë‡À¡“– ¡∑’Ë®–π”¡“ª√–¬ÿ°μå„™â„πÀ—«Õà“π¢âÕ¡Ÿ≈Œ“√å¥¥‘ °å‰¥√åø‡æ◊ËÕ„ÀâÕÿª°√≥å¡’ª√– ‘∑∏‘¿“æ
∑’Ë¥’¢÷Èπ„πÕπ“§μ
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Õÿª°√≥å·≈–«‘∏’∑¥≈Õß
§à“ RA ·≈–§à“ GMR „π‚§√ß √â“ß ªîπ«“≈å«®– “¡“√∂æ‘®“√≥“‰¥â®“°·∫∫®”≈Õß°“√ –
 ¡ ªîπ´÷Ëß®–∂Ÿ°„™â‡æ◊ËÕÕ∏‘∫“¬æƒμ‘°√√¡°“√ àßºà“π ªîπ®“°°“√ªÑÕπ°√–‰øøÑ“ºà“π‚§√ß √â“ß¥—ß°≈à“«
æƒμ‘°√√¡°“√ àßºà“π ªîπ∂Ÿ°Õ∏‘∫“¬®“°§à“°“√ – ¡ ªîπ (spin accumulation) ·≈–§à“°√–·  ªîπ (spin




Zhang-Levy-Fert (ZLF) [26] ¥—ß· ¥ß„π ¡°“√∑’Ë (1) °“√‡§≈◊ËÕπ∑’Ë¢Õß§à“°“√ – ¡ ªîπ∂Ÿ°Õ∏‘∫“¬®“°
Õ—πμ√°‘√‘¬“°“√·≈°‡ª≈’Ë¬π√–À«à“ß§à“°“√ – ¡ ªîπ·≈–·¡°π’‰∑‡´™—π ‚¥¬§à“°“√ – ¡ ªîπ®–¡’°“√
‡§≈◊ËÕπ∑’Ë·∫∫À¡ÿπ«π (precessional motion) √Õ∫·¡°π’‰∑‡´™—π·≈–≈Ÿà‡¢â“ Ÿà§à“°“√ – ¡ ªîπ∑’Ë ¿“«–
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(°) (¢)
√Ÿª∑’Ë 1 (°) ·¡°π’‰∑‡´™—π„π√–∫∫æ‘°—¥©“° (¢) ·¡°π’‰∑‡´™—π„π√–∫∫æ‘°—¥æ◊Èπ∞“π
°“√æ‘®“√≥“°“√‡§≈◊ËÕπ∑’Ë¢Õß§à“°“√ – ¡ ªîπμ“¡ ¡°“√∑’Ë (1) π”‰ª Ÿà°“√À“º≈‡©≈¬¢Õß§à“
°“√ – ¡ ªîπ®“°°“√„™â‡ß◊ËÕπ‰¢¢Õ∫‡¢μ ‚¥¬§à“°“√ – ¡ ªîπ∂Ÿ°· ¥ß„π ÕßÕß§åª√–°Õ∫§◊ÕÕß§å
ª√–°Õ∫∑’Ë¢π“π°—∫·¡°π’‰∑‡´™—π (longitudinal component of magnetization, ) ·≈–Õß§åª√–°Õ∫
∑’Ëμ—Èß©“°°—∫·¡°π’‰∑‡´™—π (transverse component of magnetization, ) ¥—ß· ¥ß„π ¡°“√∑’Ë (3)
Õß§åª√–°Õ∫¢Õß§à“°“√ – ¡ ªîπ∑—Èß ÕßÕß§åª√–°Õ∫∂Ÿ°· ¥ß„π√–∫∫æ‘°—¥æ◊Èπ∞“π , , ·≈– 
‡π◊ËÕß®“°¢âÕ®”°—¥¢Õß°“√æ‘®“√≥“·¡°π’‰∑‡´™—π„π∑‘»∑“ß„¥Ê [27] ‚¥¬°“√À¡ÿπ·¡°π’‰∑‡´™—π„π√–∫∫
æ‘°—¥©“° x y ·≈– z μ“¡√Ÿª∑’Ë 1 (°) „Àâ¡“Õ¬Ÿà„π√–∫∫æ‘°—¥æ◊Èπ∞“π ‚¥¬  · ¥ß∑‘»∑“ß¢Õß√–∫∫æ‘°—¥
æ◊Èπ∞“π∑’Ë¢π“π°—∫·¡°π’‰∑‡´™—π „π¢≥–∑’Ë  ·≈–  · ¥ß∑‘»∑“ß¢Õß√–∫∫æ‘°—¥æ◊Èπ∞“π∑’Ëμ—Èß©“°°—∫
·¡°π’‰∑‡´™—πμ“¡√Ÿª 1 (¢)
(3)
‡¡◊ËÕ  ‚¥¬∑’Ë   ·≈– 
°“√æ‘®“√≥“§à“ —¡ª√– ‘∑∏‘Ï u v ·≈– mP (0) „π ¡°“√∑’Ë (3)  “¡“√∂æ‘®“√≥“‰¥â®“°‡ß◊ËÕπ‰¢
¢Õ∫‡¢μ¢Õß°√–·  ªîπ´÷Ëß· ¥ß§«“¡μàÕ‡π◊ËÕß¢Õß°“√‡§≈◊ËÕπ∑’Ë¢Õß°√–·  ªîπ„πμ”·Àπàß∑’ËÕ¬Ÿàμ‘¥°—π
°“√§”π«≥°“√‡ª≈’Ë¬π·ª≈ß§à“°“√ – ¡ ªîπ·≈–°√–·  ªîπ ≥ μ”·Àπàßμà“ß Ê π”‰ª Ÿà°“√§”π«≥§à“
§«“¡μâ“π∑“π∑“ß·¡à‡À≈Á°·≈–§à“Õ—μ√“ à«π§à“§«“¡μâ“π∑“π∑“ß·¡à‡À≈Á°‚¥¬¡’√“¬≈–‡Õ’¬¥°“√§”π«≥¥—ß
μàÕ‰ªπ’È
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§à“§«“¡μâ“π∑“π∑“ß·¡à‡À≈Á°
§à“§«“¡μâ“π∑“π∑“ß·¡à‡À≈Á°∂Ÿ°Õ∏‘∫“¬®“°°“√°√–‡®‘ß¢Õß ªîπ¿“¬„π™—Èπ«— ¥ÿ·¡à‡À≈Á°‡øÕ√å‚√
·≈–∫√‘‡«≥√Õ¬μàÕ√–À«à“ß™—Èπ«— ¥ÿ·¡à‡À≈Á°‡øÕ√å‚√°—∫™—ÈππÕπ·¡°‡πμ‘° [14, 24, 25] „πß“π«‘®—¬π’È‰¥â
»÷°…“§à“§«“¡μâ“π∑“π∑“ß·¡à‡À≈Á°®“°°“√æ‘®“√≥“æƒμ‘°√√¡°“√ àßºà“π ªîπ´÷Ëß∂Ÿ°Õ∏‘∫“¬ºà“π∑“ß§à“°“√
 – ¡ ªîπ·≈–°√–·  ªîπ §à“§«“¡μâ“π∑“π∑“ß·¡à‡À≈Á°∂Ÿ°§”π«≥®“°§à“§«“¡μâ“π∑“π∫√‘‡«≥√Õ¬μàÕ











kBT §◊Õ 1.6 Ó 10









‡¡◊ËÕ RAAP ·≈– RAP §◊Õ§à“§«“¡μâ“π∑“π∑“ß·¡à‡À≈Á°‡™‘ßæ◊Èπ∑’Ë√«¡„π°√≥’∑’Ë·¡°π’‰∑‡´™—π
√–À«à“ß™—Èπæ‘π·≈–™—ÈπÕ‘ √–®—¥‡√’¬ßμ—«„π∑‘»∑“ßμ√ß¢â“¡°—π·≈–®—¥‡√’¬ßμ—«„π∑‘»∑“ß‡¥’¬«°—π μ“¡≈”¥—∫
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º≈°“√∑¥≈Õß
„πß“π«‘®—¬π’È‰¥âæ‘®“√≥“§à“ RA ·≈–§à“ GMR „π‚§√ß √â“ß ªîπ«“≈å« FM(2nm)/Cu(2nm)/
FM(2nm) ∑‘»∑“ß¢Õß·¡°π’‰∑‡´™—π¿“¬„π™—Èπæ‘π∂Ÿ°°”Àπ¥„Àâ¡’°“√®—¥‡√’¬ßμ—«‰ªμ“¡∑‘»∑“ß·°π y ·≈–
·¡°π’‰∑‡´™—π¿“¬„π™—ÈπÕ‘ √– “¡“√∂‡ª≈’Ë¬π∑‘»∑“ß„π√–π“∫ yz æƒμ‘°√√¡°“√ àßºà“π ªîπ∂Ÿ°æ‘®“√≥“





·¡°‡πμ‘° ≈Ÿ°»√ ’·¥ß (·π«μ—Èß) · ¥ß∑‘»∑“ß¢Õß·¡°π’‰∑‡´™—π¿“¬„π«— ¥ÿ·≈–≈Ÿ°»√ ’πÈ”‡ß‘π
(·π«πÕπ) · ¥ß∑‘»∑“ß¢Õß°“√ªÑÕπ°√–·  ªîπ
„πß“π«‘®—¬π’È‰¥â»÷°…“æƒμ‘°√√¡°“√ àßºà“π ªîπ‚¥¬§”π«≥§à“ RA ·≈–§à“ GMR ¢Õß«— ¥ÿ
·¡à‡À≈Á°‡øÕ√å‚√ 4 ™π‘¥ ‰¥â·°à Co NiFe CoFe ·≈– CoFeAlSi §à“æ“√“¡‘‡μÕ√å°“√ àßºà“π ªîπ¢Õß«— ¥ÿ
·μà≈–™π‘¥¡’§à“¢÷ÈπÕ¬Ÿà°—∫§«“¡Àπ“·πàπ∑“ß ∂“π–¢Õß ªîπ¢÷Èπ·≈– ªîπ≈ß∑’Ë√–¥—∫æ≈—ßß“π‡øÕ√å¡’ (density
of state, DOS) ‚¥¬§à“æ“√“¡‘‡μÕ√å°“√ àßºà“π ªîπ¢Õß«— ¥ÿ·¡à‡À≈Á°‡øÕ√å‚√™π‘¥μà“ß Ê · ¥ßμ“¡μ“√“ß
∑’Ë 1 „π¢≥–∑’Ë§à“æ“√“¡‘‡μÕ√å°“√ àßºà“π ªîπ¢Õß Cu ¡’§à“‡∑à“°—∫»Ÿπ¬å‡π◊ËÕß®“°°“√®—¥‡√’¬ßμ—«¢Õß ªîπ¢÷Èπ
·≈– ªîπ≈ß∑’Ë√–¥—∫æ≈—ßß“π‡øÕ√å¡’§à“∑’Ë‡∑à“°—π ‚¥¬°”Àπ¥√–¬–°“√·æ√à¢Õß ªîπ¿“¬„π™—Èπ Cu ‡∑à“°—∫
600 π“‚π‡¡μ√ [26, 29]
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μ“√“ß∑’Ë 1  §à“æ“√“¡‘‡μÕ√å°“√ àßºà“π ªîπ¢Õß«— ¥ÿ·¡à‡À≈Á°‡øÕ√å‚√
æ“√“¡‘‡μÕ√å°“√ àßºà“π ªîπ Co [26] NiFe [26] CoFe [30] CoFeAlSi [31-32]
m
∞
(MC/m3) 39.45 111.8 261.5 3.092
β 0.5 0.7 0.56 0.92
β 0.9 0.95 0.73 0.853
λsdl (nm) 60 5 12 3
J (eV) 0.245 0.106 0.1 0.1
°“√æ‘®“√≥“æƒμ‘°√√¡°“√ àßºà“π ªîπ “¡“√∂æ‘®“√≥“‰¥â®“°°“√‡§≈◊ËÕπ∑’Ë¢Õß§à“°“√ – ¡
 ªîπ·≈–°√–·  ªîπ„π ¡°“√∑’Ë (1) ·≈– (2) ‡æ◊ËÕ‡ªìπ°“√∑¥ Õ∫§«“¡∂Ÿ°μâÕß¢Õß√Ÿª·∫∫®”≈Õß „π
≈”¥—∫·√°®–∑”°“√æ‘®“√≥“§à“°“√ – ¡ ªîπ·≈–°√–·  ªîπ„π‚§√ß √â“ß«— ¥ÿ Co(2nm)/Cu(2nm)/
Co(2nm) ‚¥¬∑”°“√æ‘®“√≥“‡ªìπ 2 °√≥’§◊Õ °√≥’∑’Ë·¡°π’‰∑‡´™—π¢Õß«— ¥ÿ·¡à‡À≈Á°‡øÕ√å‚√∑—Èß Õß¡’°“√
®—¥‡√’¬ßμ—«‰ª„π ∑‘»∑“ß‡¥’¬«°—π (parallel state, P) ·≈–°√≥’∑’Ë¡’°“√®—¥‡√’¬ßμ—«‰ª„π∑‘»∑“ßμ√ß°—π¢â“¡




®–¡’§à“≈¥≈ßÕ¬à“ßμàÕ‡π◊ËÕß¿“¬„π™—Èπ Cu ‡æ◊ËÕ≈Ÿà‡¢â“ Ÿà§à“°“√ – ¡ ªîπ∑’Ë ¿“«– ¡¥ÿ≈¢Õß«— ¥ÿ Cu
Õ¬à“ß‰√°Áμ“¡ ‡π◊ËÕß®“°§«“¡Àπ“¢Õß™—Èπ Cu ∑’Ë¡’§à“πâÕ¬°«à“√–¬–°“√·æ√à°√–®“¬¢Õß ªîπ∑”„Àâ§à“°“√
 – ¡ ªîπ¿“¬„π™—Èπ Cu ¡’§à“‰¡à‡∑à“°—∫»Ÿπ¬å ®“°º≈°“√»÷°…“· ¥ß„Àâ‡ÀÁπ«à“§à“°“√ – ¡ ªîπ¡’·π«‚πâ¡
°“√®—¥‡√’¬ßμ—«μ“¡∑‘»∑“ß¢Õß·¡°π’‰∑‡´™—π‡π◊ËÕß®“°Õ—πμ√°‘√‘¬“°“√·≈°‡ª≈’Ë¬π√–À«à“ßÕ‘‡≈Á°μ√Õπ„π™—Èπ
μ—«π”·≈–·¡°π’‰∑‡´™—π´÷Ëß· ¥ßμ“¡√Ÿª∑’Ë 3 (°) °“√‡ª≈’Ë¬π·ª≈ß¢Õß§à“°“√ – ¡ ªîπ∑’Ëμ”·Àπàßμà“ß Ê
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(°) (¢)
√Ÿª∑’Ë 3 (°) °“√‡ª≈’Ë¬π·ª≈ß§à“°“√ – ¡ ªîπ·≈– (¢) §à“°√–·  ªîπμàÕμ”·Àπàß¢Õß‚§√ß √â“ß Co(2nm)/
Cu(2nm)/ Co(2nm) „π°√≥’ P ·≈– AP ≈Ÿ°»√· ¥ß∑‘»∑“ß¢Õß·¡°π’‰∑‡´™—π¿“¬„π™—Èπøî≈å¡










Co/Cu ‡π◊ËÕß®“°«— ¥ÿ CoFeAlSi ¡’§à“ ªîπ‚æ≈“‰√‡´™—π∑’Ë Ÿß°«à“«— ¥ÿ Co ∑”„Àâ‡°‘¥§«“¡·μ°μà“ß¢Õßæ“√“
¡‘‡μÕ√å°“√ àßºà“π ªîπ∫√‘‡«≥√Õ¬μàÕ∑’Ë Ÿß°«à“
°“√æ‘®“√≥“Õ—μ√“°“√‡ª≈’Ë¬π·ª≈ß¢Õß§à“°“√ – ¡ ªîπ·≈–°√–·  ªîππ”‰ª Ÿà°“√§”π«≥§à“ RA






[33] §à“§«“¡μâ“π∑“π∑“ß·¡à‡À≈Á°¢Õß«— ¥ÿ·¡à‡À≈Á°º ¡ NiFe ·≈– CoFe ¡’§à“ Ÿß°«à“«— ¥ÿ·¡à‡À≈Á°
Co ·≈– CoFeAlSi Õ¬à“ß™—¥‡®π‡π◊ËÕß®“°§à“√–¬–°“√·æ√à°√–®“¬¢Õß ªîπ∑’ËμË” àßº≈„Àâ ªîπ “¡“√∂°≈—∫





√Ÿª∑’Ë 4 (°) °“√‡ª≈’Ë¬π·ª≈ß§à“°“√ – ¡ ªîπ·≈– (¢) °“√‡ª≈’Ë¬π·ª≈ß§à“ RA ∫√‘‡«≥√Õ¬μàÕ√–À«à“ß
FM/NM ¢Õß«— ¥ÿ Co NiFe CoFe ·≈– CoFeAlSi
®“°°“√»÷°…“‚§√ß √â“ß ªîπ«“≈å«∑’Ë„™â«— ¥ÿ·¡à‡À≈Á°‡øÕ√å‚√∑’Ë·μ°μà“ß°—π®–„Àâ§à“ RA ·≈–§à“ GMR
∑’Ëμà“ß°—π ‚¥¬æ∫«à“Õ—μ√“ à«π§à“§«“¡μâ“π∑“π∑“ß·¡à‡À≈Á°À√◊Õ§à“ GMR ¢Õß‚§√ß √â“ß·¡à‡À≈Á°ŒÕ¬‡≈Õ√å
Õ—≈≈Õ¬¥å CoFeAlSi · ¥ß§à“ GMR  Ÿß ÿ¥ ‚¥¬¡’§à“ª√–¡“≥ 154% ‡π◊ËÕß«— ¥ÿ¡’§à“ ªîπ‚æ≈“‰√ å´‡´™—π∑’Ë
 Ÿß [31-32] πÕ°®“°π’Èæ∫«à“«— ¥ÿ·¡à‡À≈Á°º ¡ NiFe ·≈– CoFe · ¥ß§à“ GMR ∑’Ë 49% ·≈– 47% μ“¡
≈”¥—∫´÷Ëß¡’§à“μË”°«à“‚§√ß √â“ß·¡à‡À≈Á° Co ∑’Ë¡’§à“ GMR 71% ‡π◊ËÕß®“°§à“ RA ¢Õß«— ¥ÿ·¡à‡À≈Á°º ¡ NiFe
·≈– CoFe ∑’Ë¡’§à“ Ÿß ‚¥¬º≈°“√§”π«≥„Àâº≈∑’Ë Õ¥§≈âÕß°—∫º≈°“√∑¥≈Õß [34]
√Ÿª∑’Ë 5 °“√‡ª√’¬∫‡∑’¬∫§à“ RA „π°√≥’ P ·≈– AP·≈–§à“ GMR ¢Õß«— ¥ÿ·¡à‡À≈Á°‡øÕ√å‚√™π‘¥μà“ßÊ
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 √ÿª·≈–«‘®“√≥åº≈°“√∑¥≈Õß
ß“π«‘®—¬π’È‰¥âª√–¬ÿ°μå„™â·∫∫®”≈Õß∑—Ë«‰ª¢Õß§à“°“√ – ¡ ªîπ‡æ◊ËÕ»÷°…“§ÿ≥ ¡∫—μ‘¢Õß«— ¥ÿ
·¡à‡À≈Á°‡øÕ√å‚√™π‘¥μà“ß Ê ∑’Ë àßº≈μàÕ§à“ RA ·≈–§à“ GMR „π‚§√ß √â“ß ªîπ«“≈å« §à“§«“¡μâ“π∑“π∑“ß
·¡à‡À≈Á° “¡“√∂§”π«≥‰¥â®“°Õ—μ√“°“√‡ª≈’Ë¬π·ª≈ß¢Õß§à“°“√ – ¡ ªîπ·≈–°√–·  ªîπ „πß“π«‘®—¬π’È‰¥â
æ‘®“√≥“§à“ RA ·≈–§à“ GMR ¢Õß«— ¥ÿ·¡à‡À≈Á°‡øÕ√å‚√ 4 ™π‘¥§◊Õ Co NiFe CoFe ·≈– CoFeAlSi
‚¥¬‚§√ß √â“ß ªîπ«“≈å«∑’Ëª√–°Õ∫¥â«¬«— ¥ÿ·¡à‡À≈Á°‡øÕ√å‚√ Õß™—Èπ∑’Ë§—Ëπ°≈“ß¥â«¬™—Èπ Cu °“√»÷°…“æ∫«à“§à“
RA ¡’§à“·ª√º—πμ√ß°—∫Õ—μ√“°“√‡ª≈’Ë¬π·ª≈ß¢Õß§à“°“√ – ¡ ªîπ‚¥¬¡’§à“¢÷ÈπÕ¬Ÿà°—∫§ÿ≥ ¡∫—μ‘°“√ àßºà“π
 ªîπ¢Õß«— ¥ÿ ‚¥¬‚§√ß √â“ß«— ¥ÿ·¡à‡À≈Á°º ¡ NiFe/Cu ·≈– CoFe/Cu · ¥ß§à“ GMR ∑’ËμË”°«à“‚§√ß √â“ß
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